Edith Cowan University

Research Online
Research outputs 2014 to 2021
2021

Association of national COVID-19 cases with objectively and
subjectively measured mental health proxies in the Austrian
football league–an epidemiological study
Antje van der Zee-Neuen
Alexander Seymer
Dagmar Schaffler-Schaden
Jürgen Herfert
James ÓBrien
Edith Cowan University

See next page for additional authors

Follow this and additional works at: https://ro.ecu.edu.au/ecuworkspost2013
Part of the Epidemiology Commons, Psychology Commons, and the Sports Sciences Commons
10.1080/26895293.2021.1994473
van der Zee-Neuen, A., Seymer, A., Schaffler-Schaden, D., Herfert, J., ÓBrien, J., Johansson, T., . . . Osterbrink, J.
(2021). Association of national COVID-19 cases with objectively and subjectively measured mental health proxies
in the Austrian football league–an epidemiological study. All Life, 14(1), 1011-1021. https://www.tandfonline.com/
doi/full/10.1080/26895293.2021.1994473
This Journal Article is posted at Research Online.
https://ro.ecu.edu.au/ecuworkspost2013/11608

Authors
Antje van der Zee-Neuen, Alexander Seymer, Dagmar Schaffler-Schaden, Jürgen Herfert, James ÓBrien,
Tim Johansson, Patrick Kutschar, Stephan Ludwig, Thomas Stöggl, David Keeley, Maria Flamm, and
Jürgen Osterbrink

This journal article is available at Research Online: https://ro.ecu.edu.au/ecuworkspost2013/11608

All Life

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tfls21

Association of national COVID-19 cases with
objectively and subjectively measured mental
health proxies in the Austrian Football league – an
epidemiological study
Antje van der Zee-Neuen, Alexander Seymer, Dagmar Schaffler-Schaden,
Jürgen Herfert, James ÓBrien, Tim Johansson, Patrick Kutschar, Stephan
Ludwig, Thomas Stöggl, David Keeley, Maria Flamm & Jürgen Osterbrink
To cite this article: Antje van der Zee-Neuen, Alexander Seymer, Dagmar Schaffler-Schaden,
Jürgen Herfert, James ÓBrien, Tim Johansson, Patrick Kutschar, Stephan Ludwig, Thomas Stöggl,
David Keeley, Maria Flamm & Jürgen Osterbrink (2021) Association of national COVID-19 cases
with objectively and subjectively measured mental health proxies in the Austrian Football league –
an epidemiological study, All Life, 14:1, 1011-1021, DOI: 10.1080/26895293.2021.1994473
To link to this article: https://doi.org/10.1080/26895293.2021.1994473

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material

Published online: 22 Oct 2021.

Submit your article to this journal

Article views: 309

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tfls21

ALL LIFE
2021, VOL. 14, NO. 1, 1011–1021
https://doi.org/10.1080/26895293.2021.1994473

Association of national COVID-19 cases with objectively and subjectively
measured mental health proxies in the Austrian Football league – an
epidemiological study
Antje van der Zee-Neuen a∗ , Alexander Seymerb∗ , Dagmar Schaffler-Schadenc , Jürgen Herfertd , James
ÓBriend,e , Tim Johanssonb , Patrick Kutschara , Stephan Ludwig f , Thomas Stöggl d,g , David Keeleyh ,
Maria Flammc and Jürgen Osterbrinka,i
a Centre for Public Health and Health Services Research, Institute of Nursing Science and Practice, Paracelsus Medical University, Salzburg,

Austria; b Department of Political Science and Sociology, University of Salzburg, Salzburg, Austria; c Centre for Public Health and Health Services
Research, Institute of General Practice, Family Medicine and Preventive Medicine, Paracelsus Medical University, Salzburg, Austria; d Red Bull
Athlete Performance Center, Thalgau, Austria; e The Australian Centre for Research into Injury in Sport and its Prevention (ACRISP), Edith Cowan
University, Joondalup, WA, Australia; f Institute of Virology (IVM), University of Muenster (WWU), Muenster, Germany; g Department of Sport and
Exercise Science, University of Salzburg, Hallein, Austria; h Electronic Caregiver, Divison of Innovation, Las Cruces, NM, USA; i Brooks College of
Health, University of North Florida, Jacksonville, FL, USA
ABSTRACT

ARTICLE HISTORY

We aimed to explore the association of national COVID-19 data with the objective and subjective
mental health proxies (i.e. location variance, self-reported sleep quality, level of recovery, perceived
risk of infection) in team and staff members of five professional Austrian Football clubs. Data were
conveniently collected during the implementation of a novel monitoring concept. The concept was
designed to enable safe continuation of professional Football during the COVID-19 pandemic. These
data were matched with Austrian COVID-19 data and smartphone collected location data. Multivariable linear regression models explored the association of COVID-19, defined as daily novel or active
Austrian cases of COVID-19, with the mental health proxies. An increasing number of novel Austrian
COVID-19 cases was significantly associated with deteriorating sleep quality (B 0.48, 95% CI 0.05;
1.00). An increasing number of active Austrian COVID-19 cases was significantly associated with an
increase in perceived infection risk (B 0.04, 95% CI 0.00; 0.07) and location variance (B 0.28, 95% CI
0.06; 0.49). An increasing Austrian COVID-19 incidence is adversely associated with mental health
in professional Footballers and staff members. During the ongoing pandemic, targeted mental care
should be included in the daily routines of this population.
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Background
The COVID-19 pandemic is affecting not only
physical health and societal structures, but also the
mental health of individuals facing the burden of
necessary alterations to daily life (Galea et al. 2020;
Rajkumar 2020). For example, depression, anxiety
and stress are linked to physical symptoms resembling a COVID-19 infection. This association is mediated by the need for adequate health information
and the perceived individual impact of the pandemic
(Wang et al. 2021). Quarantine and related isolation
have influenced the mental wellbeing of individuals
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confronted with previous epidemics (Hawryluck et al.
2004; Brooks et al. 2020; Hossain et al. 2020). The
duration of the current pandemic and preventive measures for disease-transmission (like social distancing,
isolation, (non-compliance to) face mask use and quarantine) might result in decreased quality of life and
economic prosperity and thereby contribute to an
additional rise of the substantial burden of mental
health disorders (Rehm and Shield 2019; Galea et al.
2020; Le et al. 2020; Tran et al. 2020; Wang et al. 2020).
Moreover, daily news reports on infection and mortality rates may be perceived as threatening leading to
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anxiety and stress. Therefore, measures to enhance the
early detection of mental health problems are essential.
The monitoring of physical activity (PA) offers a subtle
way for this purpose as reduced PA is associated with
the occurrence of depressive symptoms (Mumba et al.
2020; Teychenne et al. 2020). Self-reported PA, activity trackers or interviewing by caretakers in the general
population or in populations under medical supervision can aid in the subtle detection of mental health
issues (van der Zee-Neuen et al.). This appears less
useful for professional athletes, as levels of PA are influenced by training routines, competitions and recovery
periods.
Professional athlete’s (mental) health is generally
well monitored by their accompanying (para-) medical staff. However, stigmatization and reluctance to
discuss mental health problems might inhibit early
detection of the latter (Gulliver et al. 2012; Souter et al.
2018). Yet, professional athletes might be at increased
risk of developing such problems due to considerable
stress in relation to both, their professional activities and the COVID-19 pandemic. This emphasizes
the necessity of exploring possibilities for the monitoring of athlete’s mental health, preferably unobtrusively. Emerging evidence suggests that individual
mobility measured by smartphones may successfully
detect adverse alterations in mental health (Canzian
and Musolesi 2015; Saeb et al. 2015).
The resumption of professional sports during the
COVID-19 pandemic required the close monitoring of
athletes’ health to prevent disease transmission among
team and staff members. In Austria, the monitoring of
five professional Football clubs included smartphonebased geo-tracking, allowing for the estimation of risk
exposure of footballers outside the training and competition facilities (van der Zee-Neuen et al. 2020).
However, the geo-tracking data also yielded the opportunity of exploring potential mental health problems
in participants. A previous exploratory study by Saeb
et al. found that less location variance (obtained by
means of smartphone mobility tracing) correlated with
deteriorating mental health, specifically with depression in 40 subjects from the general population (Saeb
et al. 2015). In another study, Saeb et al. confirmed that
location variance correlated with depressive symptom
severity in a sample consisting of 48 college students.
In the current study, we aimed to explore the association of novel and active Austrian COVID-19 cases
with mental health proxies in a team and staff members
of five professional Austrian football clubs captured

by objective (i.e. location variance) or subjective (i.e.
self-reported sleep quality, level of recovery and perceived risk of infection) indices. We hypothesized, that
adverse alterations in mental health would be evident
for the objective proxy but not for the subjective proxies (given the reluctance to reveal mental health problems) and, that increasing national COVID-19 cases
would result in lower levels of location variance.
Methods
In the context of the scientific surveillance of the
mandatory monitoring concept of the Austrian Football Association across four Premier League clubs and
one Second League club (i.e. club A-club E), collection of geo-tracking and health diary data took place
during a 12-week observation period. Players and staff
members were included (van der Zee-Neuen et al.
2020).
Patient or public involvement

Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our
research.
Smartphone – app

The smartphone application (app) ‘WallpassTM ’
(developed by the US-based company Electronic Caregiver) collected geo-tracking data. After installation
on the primary mobile device of participants, the app
collected motion-triggered Global Navigation Satellite
System (GNSS) data points. In a second step, machinelearning algorithms assigned activities and locations to
the GNSS data. The data was stored in flexible schemes
of a noSQL database, in order to gather the multiple
layers of information associated with each data point.
Participants received unique identification-codes for
the installation of the app. Club physiotherapists kept
a list of codes and corresponding names. Researchers
did not have access to the names corresponding with
the identification-codes.
Parameters

In the current study, several parameters were included
that were part of the health diaries of the original study,
calculated based on the collected geo-tracking data or
provided by the Austrian government.
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Self-reported mental health proxies (i.e. subjective
proxies)
Sleep quality. As impairments in sleep quality are
linked to decreased mental health (João et al. 2018),
this parameter was included as mental health proxy
(10-point scale; 1 = good sleep, quickly fell asleep slept
through the night, 10 = bad sleep, problems falling
asleep, several night time wake-ups).

Level of recovery. An athlete’s recovery level is associated with alterations in mood (Kellmann et al. 2018)
and was therefore installed as a proxy indicator for
mental health (10-point scale; 1 = energetic, cheerful,
rested; 10 = tired, unenthusiastic, exhausted).
Subjective risk of infection. The current perceived
risk of infection through COVID-19 was used as
an indicator for anxiety related to the pandemic
(10-point scale; 1 = calm, composed, unconcerned;
10 = panicked, anxious, severe risk).
Supplementary file S0 provides an overview of the
questions, scales and anchors used for the collection of
data on each of the self-reported mental health proxies as well as the instructions for completion of the
questions.
Mental health proxy measured through smartphone
mobility tracing (i.e. objective proxy)
Location variance. Location variance describes participant mobility in terms of GNSS-location variance
independent of type of location (i.e. variability in
GNSS location). In the current study, this parameter
was included as objective mental health proxy and calculated as suggested by Saeb et al (2015). The first
step in the calculation involved reversing geocoding
(i.e. assignment of ZIP-codes to raw GNSS data). For
this purpose, the free online services Photon API and
BING API were used (Komoot; BING). Next, location
variance was calculated while accounting for distribution skewness in location data across subjects by
means of the logarithm of the sum of the statistical
variances of latitude and longitude components of the
daily location data.
2
2
+ σlongitude
)
location variance = log(σlatitude

Austrian COVID-19 data
The Austrian National Public Health Institute
(Gesundheit Österreich GmbH, GÖG) is continuously
monitoring the occurrence of Austrian COVID-19
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cases (Platform C-D 2020). For the current investigation, they provided access to the anonymized database
of the electronic epidemiological reporting system
(EMS). The database offered case-specific information
on the date of diagnosis, (potential) date of death,
(potential) date of recovery from COVID-19 and geographical region of occurrence in terms of 33 local
administrative districts listed in supplementary Table
S1. The daily number of Austrian COVID-19 cases
was determined by means of date aggregation. Two
parameters were then computed based on the aggregated data: (1) number of novel Austrian COVID-19
cases per day and (2) total number of active Austrian
COVID-19 infections per day.
Additional parameters for adjustment
COVID-19 case in one Football-club
In one of the participating Football clubs, a COVID19 case occurred during the observation period. The
COVID-19 case was not part of the monitored sample,
but an employee working in club administration. Due
to inter-club co-operation, this individual had contact
with two of the five teams in the present study.
As the occurrence of a case in proximity to participants might affect the association of mental health and
COVID-19, we constructed a variable for adjustment
comprising three categories:

(1) All clubs without known COVID-19 incidence in
their proximity (not in proximity of case)
(2) Clubs in proximity of COVID-19 case before
occurrence (clubs before COVID-19 case)
(3) Clubs in proximity of COVID-19 case after occurrence (clubs after COVID-19 case)
Study participants in category 3 experienced a
change in their daily training routine due to quarantine
guidelines being implemented. Hence, we consider
this change in the daily life of the study participants
as additional parameter.
Team status
Individuals participating in the study were either
players or staff members of the participating clubs.
To account for potential differences in the mental
health proxies attributable to being part of any of
these two groups, the binary variable team status was
computed.
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Figure 1. Distribution of Global Navigation Satellite System (GNSS) data points in participating clubs. Note: As our analysis required data
aggregation, a minimum of 30 GNSS data points a day would be the bare minimum to be considered in the later analysis. And with 29
days between ﬁrst data collection (17 June) and ﬁnal competition in the premier leagues season (15 July) a full dataset with 30 GNSS
data points a day would require 870 GNSS data points in total.

Game day
Existing evidence suggests that competitions in professional athletes are related to increased levels of anxiety and stress (Souza et al. 2019). In addition, game
days inevitably participants’ movement due to travel
to and from competition. Therefore, a variable differentiating between game and no-game days during the
observation period was computed.

Statistical analyses

All analyses were performed using R 4.0.3 (Team
2020). Analyses were restricted to complete data
only. A value of p ≤ 0.05 was considered statistically
significant.
Data
The players and staff of five clubs reported 120,938
GNSS data points via the smartphone app from 17
June to 31 July 2020. Theoretically, 225 players and
staff members were supposed to participate but only
115 unique user ids were recorded by the app. The
data provided by each of the 115 users differed significantly leading to a highly skewed distribution of
GNSS data points per user (Figure 1). Supplementary
Figure S1 provides a more detailed illustration of the
distribution.
As Austrian COVID-19 data were provided only on
the local administrative districts, GNSS location data
were matched with these care regions based on the

previously identified postcodes. Next, self-reported
mental health proxy indicators were included in the
same data set based on participant-specific identification codes and reported day. The 120,938 GNSS
data points were aggregated by unique user id and
date resulting in a user-day-dataset with 508 cases
(Supplementary Figure S1). Cases aggregated with less
than 30 GNSS data points were excluded leaving 297
user-day-data points left for the analysis. All results
rest on these 297 user-day data points from 57 app
users.
Descriptive statistics
All variables included in the current study were
described for user-day cases according to their metric properties (i.e. means, standard deviation (SD),
median, minimum and maximum for continuous data
and frequencies (n) and percentages (%) for categorical
data). A single user-day case is the unique combination of user and day during the observation period
(e.g. a single user day-case for new Austrian COVID19 cases is the mean of the official number of new cases
in the region visited by the included users on a specific
day weighted for the number of data points per visited
region).
Association of novel and active Austrian COVID-19
cases with mental health proxies
First, bivariate correlations (Pearson’s r) explored the
association of novel and total Austrian COVID-19
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Table 1. Characteristics of user-day cases (n) for the total sample and each participating club.
Club A
(n = 66)

Club B
(n = 93)

Club C
(n = 42)

Club D
(n = 32)

Club E
(n = 64)

Overall
(n = 297)

Team status, n(%)
Staﬀ
Player

37 (56.1%)
29 (43.9%)

80 (86.0%)
13 (14.0%)

9 (21.4%)
33 (78.6%)

28 (87.5%)
4 (12.5%)

51 (79.7%)
13 (20.3%)

205 (69.0%)
92 (31.0%)

Game day, n(%)
Yes
No

10 (15.2%)
56 (84.8%)

13 (14.0%)
80 (86.0%)

7 (16.7%)
35 (83.3%)

6 (18.8%)
26 (81.2%)

9 (14.1%)
55 (85.9%)

45 (15.2%)
252 (84.8%)

Sleep quality
Mean (SD)
Median [Min, Max]
Missing

2.1 (1.2)
2.0 [1.0, 5.0]
36 (54.5%)

2.92 (1.6)
2.0 [1.0, 7.0]
69 (74.2%)

2.5(2.3)
2.0 [1.0, 10.0]
13 (31.0%)

NA (NA)
NA [NA, NA]
32 (100%)

1.8 (0.8)
2.0 [1.0, 3.0]
35 (54.7%)

2.3 (1.6)
2.0 [1.0, 10.0]
185 (62.3%)

Recovery
Mean (SD)
Median [Min, Max]
Missing

2.0 (1.1)
2.0 [1.0, 5.0]
36 (54.5%)

2.9 (1.4)
3.0 [1.0, 6.0]
72 (77.4%)

2.9 (2.1)
2.0 [1.0, 8.0]
13 (31.0%)

NA (NA)
NA [NA, NA]
32 (100%)

2.5 (1.1)
3.0 [1.0, 5.0]
35 (54.7%)

2.5 (1.5)
2.0 [1.0, 8.0]
188 (63.3%)

Perceived risk of infection
Mean (SD)
Median [Min, Max]
Missing

1.5 (0.8)
1.0 [1.0, 3.0]
36 (54.5%)

1.4 (0.7)
1.0 [1.0, 3.0]
80 (86.0%)

1.2 (0.5)
1.0 [1.0, 3.0]
13 (31.0%)

NA (NA)
NA [NA, NA]
32 (100%)

1.0 (0.0)
1.0 [1.0, 1.0]
35 (54.7%)

1.3 (0.6)
1.0 [1.0, 3.0]
196 (66.0%)

Location Variance∗
Mean (SD)
Median [Min, Max]

−16.6 (9.2)
−24.4 (14.7)
−14.9 (7.5)
−17.5 (10.9)
−17.7 (11.7)
−19.1 (12.2)
−15.5 [−52.6, −2.2] −19.3 [−56.0, −2.8] −15.5 [−48.4, 0.0] −15.2 [−46.7, −1.8] −14.2 [−47.3, −1.1] −16.0 [−56.0, 0.0]

Novel Austrian COVID-19 cases per day
Mean (SD)
0.8 (0.6)
Median [Min, Max]
0.7 [0.0, 2.5]
Missing
3 (4.5%)

0.9 (0.6)
0.828 [0, 3.67]
0 (0%)

1.3 (0.9)
1.26 [0, 3.60]
2 (4.8%)

0.3 (0.3)
0.3 [0.0, 1.4]
3 (9.4%)

0.8 (0.7)
0.7 [0.0, 2.7]
26 (40.6%)

0.9 (0.7)
0.8 [0.0, 3.7]
34 (11.4%)

Total active Austrian COVID-19 cases per day
Mean (SD)
11.1 (6.0)
Median [Min, Max]
8.7 [4.3, 34.5]
Missing
3 (4.5%)

12.8 (7.0)
14.9 [2.8, 31.2]
0 (0%)

16.6 (6.2)
17.7 [0.0, 24.8]
2 (4.8%)

2.9 (2.3)
1.8 [1.8, 10.0]
3 (9.4%)

7.4 (4.1)
6.5 [0.9, 18.7]
26 (40.6%)

11.1 (7.02)
9.2 [0.0, 34.5]
34 (11.4%)

0 (0.0%)
0 (0.0%)
93 (100.0%)

0 (0.0%)
0 (0.0%)
42 (100.0%)

0 (0.0%)
0 (0.0%)
32 (100.0%)

13 (20.3%)
51 (79.7%)
0 (0.0%)

13 (4.4%)
117 (39.4%)
167 (56.2%)

COVID-19 occurencea , n (%)
Clubs before COVID-19 case
Clubs after COVID-19 case
not in proximity of case

0 (0.0%)
66 (100.0%)
0 (0.0%)

∗Lower values represent larger variance in location.
a In one of the participating Football-clubs, a COVID-19 infection occurred during the observation period. The categories of this variable distinguishes the cases
before and after this infection and cases that were not in the proximity of cases.

cases with the objective and subjective mental health
proxies.
Subsequently, multivariable linear regression models with ordinary least square estimation explored the
association of the COVID-19 variables with the objective (location variance) and subjective mental health
proxies (sleep quality, level of recovery, perceived risk
of infection), while adjusting for game day, team status and the occurrence of a COVID-19 case in one
participating club.
Results
The sample for further analyses consisted of 297 cases.
The sample consisted of 205 cases from staff members
(69%) and 92 cases from players (31%). Table 1 provides an overview of user-day cases for the total sample
and each participating club.

Association of novel and active Austrian COVID-19
cases with mental health parameters

Location variance correlated with both Austrian
COVID-19 case variables. Furthermore, novel Austrian COVID-19 cases per day were significantly
associated with sleep quality, while the total number of
active Austrian COVID-19 cases showed a relationship
with the level of recovery instead. All three subjective
indicators related to each other (Table 2). Supplementary Figure S2 provides a more detailed illustration of
correlation.
Multivariable linear regression models exploring
the association of novel Austrian COVID-19 infections with mental health proxies showed a significant
association of novel Austrian COVID-19 cases per
day with deterioration of sleep quality (B 0.48, 95%
CI 0.05; 1.00) but with none of the other subjective
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Table 2. Correlation matrix of metric parameters of user-day-cases pooled across clubs.

Sleep
quality
Sleep quality
Level of recovery
Perceived risk of
infection
Location Variance
Novel Austrian
COVID-19 cases per
day
Total active Austrian
COVID-19 cases per
day

Level of
recovery
0.555∗

Perceived
infection
risk
0.313∗
0.309∗

Location
Variance

Novel
Austrian
COVID-19
cases per
day

Total active
Austrian
COVID-19
cases per
day

0.151
0.061
0.120

0.242∗
0.193
0.052

0.194
0.244∗
0.090

0.128∗

0.177∗
0.637∗

Note: Computed correlation used Pearson-method with pairwise-deletion.
∗p ≤ 0.05.

Table 3. Multivariable linear regression models exploring the association of novel COVID-19 cases per day
with mental health proxies (unstandardized regression coeﬃcients and 95% conﬁdence intervals).

Data points
Predictors
Novel Austrian
COVID-19 cases
per day
Clubs before
COVID-19 case
(reference)
Clubs after
COVID-19 case
Not in proximity of
case
Team status: Player
Game day: No
Intercept
R2 /R2 adjusted

Sleep
qualitya

Level of
recoveryb

Subjective
risk of
infectionc

Location
varianced

96
B (95% CI)
0.48 (−0.05–1.00)

93
B (95% CI)
0.33 (−0.16–0.82)

85
B (95% CI)
0.14 (−0.06–0.34)

263
B (95% CI)
1.57 (−0.53–3.67)

0.52 (−0.73–1.76)

0.57 (−0.57–1.71)

0.52∗ (0.06–0.98)

1.97 (−6.57–10.51)

0.83 (−0.37–2.03)

0.78 (−0.32–1.88)

0.21 (−0.25–0.66)

−1.18 (−9.59–7.23)

−0.06 (−0.72–0.59)
0.24 (−0.59–1.07)
1.09 (−0.33–2.50)
0.09 / 0.03

−0.08 (−0.69–0.53)
0.20 (−0.58–0.97)
1.48∗ (0.17–2.80)
0.06 / 0.01

−0.26∗

(−0.52 – −0.00)
0.25 (−0.08–0.57)
0.76∗ (0.22–1.29)
0.13 / 0.08

5.17∗ (2.04–8.29)
−1.06 (−5.09–2.97)
−22.11∗ (−31.32– −12.91)
0.77 / 0.06

Note: a Sleep quality: 1 = good sleep, 10 = bad sleep.
b Level of recovery: 1 = rested, 10 = tired.
c Subjective risk of infection: 1 = unconcerned, 10 = anxious.
∗p ≤ 0.05.

and objective mental health proxies. When compared
to staff members, players had a significantly lower
perceived risk of infection (B −0.26, 95% CI −0.52;
−0.00) and a significantly higher variance in their
location (B 5.17, 95%CI 2.04; 8.29). Moreover, the perceived risk of infection was significantly higher after a
COVID-19 case occurred in one of the clubs (B 0.52,
95% CI 0.06; 0.98). The model including the perceived
risk of infection as outcome variable showed the best fit
(adjusted R2 = 0.079, F = 2.440, df = 5, p = 0.041)
(Table 3).
In the models exploring the association of the
total number of active Austrian COVID-19 infections with the mental health proxies, an increasing

number of active Austrian COVID-19 cases was
significantly associated with an increased perceived
risk of infection (B 0.04, 95% CI 0.00; 0.07) and
surprisingly with an increase in the location variance (B 0.28, 95% CI 0.06; 0.49). As in the models including novel Austrian COVID-19 infections
as the main independent variable of interest, players had a significantly lower perceived risk of infection when compared to staff members and a significantly higher variance in their location. Moreover, the model including the perceived risk of infection as an outcome variable showed the best fit
(adjusted R2 = 0.112, F = 3.126, df = 5, p = 0.013)
(Table 4).
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Table 4. Multivariable linear regression models exploring the association of total active COVID-19 cases
per day with mental health proxies (unstandardized regression coeﬃcients and 95% conﬁdence intervals).

Data points
Predictors
Total active Austrian
COVID-19 cases
per day
Clubs before
COVID-19 case
(reference)
Clubs after
COVID-19 case
Not in proximity of
case
Team status: Player
Competition: No
(Intercept)
R2 /R2 adjusted

Sleep
quality

Level of
recovery

Subjective
risk of
infection

Location
variance

96
B (95%CI)
0.02 (−0.05–0.09)

93
B (95%CI)
0.05 (−0.02–0.12)

85
B (95%CI)
0.04∗ (0.00–0.07)

263
B (95%CI)
0.28∗ (0.06–0.49)

0.40 (−0.93–1.73)

0.29 (−0.91–1.49)

0.34 (−0.14–0.82)

0.12 (−8.49–8.73)

0.77 (−0.74–2.28)

0.28 (−1.11–1.68)

−0.19 (−0.78–0.41)

−3.39 (−11.96–5.18)

0.02 (−0.65–0.68)
0.27 (−0.57–1.12)
1.28 (−0.14–2.71)
0.06 / 0.00

−0.05 (−0.66–0.55)
0.21 (−0.57–0.99)
1.53∗ (0.23–2.83)
0.07 / 0.01

−0.27∗

(−0.52 – −0.01)
0.27 (−0.05–0.59)
0.72∗ (0.20–1.25)
0.17 / 0.11

4.75∗ (1.65–7.85)
−1.24 (−5.24–2.76)
−21.54∗ (−30.63– −12.45)
0.92 / 0.07

Note: a Sleep quality: 1 = good sleep, 10 = bad sleep.
b Level of recovery: 1 = rested, 10 = tired.
c Subjective risk of infection: 1 = unconcerned, 10 = anxious.
∗p ≤ 0.05.

Discussion
To our knowledge, this is the first study exploring the
association of COVID-19 occurrence with subjective
and objective proxies for mental health in elite Footballers and their professional surroundings. Contrary
to our hypotheses, adverse alterations in mental health
became particularly evident for the subjective mental
health proxies. Moreover, we found that an increasing number of novel cases of Austrian COVID-19 was
significantly associated with worse sleep quality and
that an increasing total of active Austrian COVID-19
cases was significantly associated with a higher perceived risk of infection and with a higher variance
in location. The latter is particularly surprising, as
we assumed that, with increasing Austrian COVID-19
cases, the location variance would decrease due to risk
avoidance behaviour (Bruns et al. 2020). This finding
might be attributable to the low incidence of COVID19 in Austria during the observation period (Le et al.
2009; AGES 2020) but may also suggest that location
variance is not suited to capture mental health alterations due to COVID-19. In this line, the perceived
risk of infection did in fact increase but no significant correlation of this variable with location variance was found, indicating the independence of these
constructs.
The adverse association of COVID-19 with sleep
quality is in line with previous research findings in various populations (i.e. general population, professional

athletes, workers and psychiatric patients) (Fu et al.
2020; Gupta et al. 2020; Hao et al. 2020; Tan et al.
2020; Tayech et al. 2020). In an international study
across 49 countries 40% of participants reported worse
sleep quality than before the pandemic and the consumption of sleeping pills increased by 20% when
compared to the pre-pandemic situation. According
to the study, the deterioration in sleep was among
others attributable to quarantine measures and the
adverse impact of the pandemic on participant’s livelihood (Mandelkorn et al. 2020). Approaches like cognitive behaviour therapy show promising results in
the improvement of deteriorated sleep quality during the pandemic through arousal reduction strategies, restriction of time spent in bed during periods of lock-down and through support of the stability of the circadian regulatory system (Zhang and
Ho 2017; Ho et al. 2020; Simpson and Manber 2020;
Soh et al. 2020). In the current study, the perceived risk of infection was included as a proxy for
anxiety. Sjöberg defined perceived risk as an individuals’ psychological evaluation of the probability
and consequences of an adverse outcome (Sjöberg
2002). Our analyses suggest that an increasing total
of active Austrian COVID-19 cases is associated with
higher levels of anxiety confirming the assumptions
of Reardon et al who stated that the COVID-19 pandemic could cause anxiety in elite athletes (Reardon
et al. 2020). It should be considered that professional
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Football players might be less inclined to report potential mental health problems due to the potential impact
of their reporting on the team constellation determined by trainers and team managers. The level of
anxiety might in fact be even higher than in our analyses. Addressing anxiety in athletes is particularly relevant as their livelihood depends on their ability to
perform in training and competition. Other factors
than the COVID-19 pandemic are driving anxiety in
elite athletes, for example career dissatisfaction, fear
of musculoskeletal injury or increasing age (Rice et al.
2019).
Therefore, those responsible for the psychological
care of athletes should be aware of anxiety related
to the COVID-19 pandemic as it adds to the existing anxiety burden. However, in the current study,
the increasing burden of anxiety during the ongoing
pandemic was even more pronounced in staff members than in Football players. In the context of the
pandemic, a potential explanation for their higher perceived infection risk might be that they are assumed to
be older and that an increasing age is associated with
increased COVID-19 symptom severity (Hao et al.
2020). Although no data on the study subjects age
was available, it should be noted that their need for
mental wellbeing deserves specific attention as well.
In our study, we employed two distinct indicators of
Austrian COVID-19 cases (i.e. novel and active Austrian COVID-19 cases). Surprisingly, we found that
associations of these two indicators with the different mental health proxies were not comparable. Novel
cases of Austrian COVID-19 were only significantly
associated with worse sleep quality, while active cases
of Austrian COVID-19 were significantly associated
with increasing levels of perceived infection risk and
location variance. Potential explanations for this phenomenon might be found in the media coverage on
both concepts during the observation period. During the latter, the number of novel cases per day was
small and remained largely unaltered (AGES 2020).
Therefore, it seems plausible that no alterations are
found in the levels of anxiety and location variance.
Media coverage on novel COVID-19 cases might have
led to a higher level of cogitation on the implications of this information resulting in disturbances in
sleep quality. The number of active cases also included
cases that were diagnosed prior to the observation
period and were naturally higher than the number
of novel cases. Consequently, the confrontation with

such numbers might have caused enhanced feelings of
anxiety.
Strengths and limitations

This study offered the unique possibility to study various mental health outcomes in a population of elite
Footballers providing insight into their response to an
increasing number of COVID-19 cases. The combination of data from multiple sources (i.e. governmental
data on active and novel cases of COVID-19 in Austria,
GNSS-data from a specifically designed app and selfreported mental health data) in the statistical analyses
of our paper emphasize the individuality and quality of
the current study. However, several limitations should
be addressed. The data collected by the smartphone
app were fragmented and sampling unbalanced (i.e.
largest proportion of observations was affiliated with
club E) leading to potential misinterpretation of the
association of COVID-19 with location variance. The
lack of data density may be attributable to participants
reluctance to continuous submission of location data
(van der Zee-Neuen et al. 2020). We aimed to mitigate
this issue by aggregating the data, relying on solid statistical procedures and cautiously drawn conclusions.
Future research could shed light on the reasons for
participation reluctance and other potential challenges
in the handling of the current pandemic, for example by surveying attitudes and perceptions regarding
methods of data collection and the administration of
COVID-19 vaccines.
The current study collected data during a rather stable period in the COVID-19 pandemic (AGES 2020).
It is likely, that more variance in the mental health
proxies would have been observed (1) in a period
with more rapidly growing COVID-19 incidence or
(2) when employing instruments that are more sensitive to small changes in mental health. Yet, it should
be noted that the original study (from which the data
for the current analyses were derived) did not specifically address mental health changes but rather focused
on the implementation of a sound monitoring concept for safe resumption of professional Football. On
this line, we aimed for ideal processing of the data at
hand. The current study yielded interesting findings
that deserve further exploration and may aid in the
monitoring and handling of mental health in professional sports during the ongoing and potential future
pandemics.
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